A 57-kb region of tomato chromosome 7 harboring five different genes was compared with the sequence of the Arabidopsis genome to search for microsynteny between the genomes of these two species. For all five genes, homologous sequences could be identified in a 30-kb region located on Arabidopsis chromosome 1. Only two inversion events distinguish the arrangement of the five genes in tomato from that in Arabidopsis. Inversions were not detected when the arrangement of the five Arabidopsis genes was compared with the arrangement in the orthologous region of Capsella, a plant closely related to Arabidopsis. These results provide evidence for microcolinearity between closely and distantly related dicotyledonous species. The degree of microcolinearity found can be exploited to localize orthologous genes in Arabidopsis and tomato in an unambiguous way.
INTRODUCTION
Arabidopsis, a small crucifer, has been adopted as a model in plant genome analysis. The small genome size of 125 Mbp and a low number of repetitive elements facilitated the assembly of comprehensive molecular marker and clone contig maps for the five Arabidopsis chromosomes (reviewed in Schmidt, 1998) . Sequence analysis of the genome has been completed (The Arabidopsis Genome Initiative, 2000) . The 430-Mbp rice genome is a model for monocotyledonous plants, and the rice genome project aims to decipher the entire genomic sequence for this species (Sasaki and Burr, 2000) . Equally detailed studies are not feasible for many other plant genomes at present, especially given the large genome sizes of most crop plants. It needs to be established if and how information generated on the Arabidopsis and rice genomes can be used for the study of other plant genomes.
Comparative genetic mapping experiments yielded evidence for the conservation of gene repertoire and colinear chromosome segments for related species. An extensive conservation of marker order was found for the 12 tomato and potato chromosomes, and five chromosomal inversions could explain differences in marker organization (Tanksley et al., 1992) . For the Poaceae family, a remarkable degree of genome conservation could be established even between species that diverged as long as 60 million years ago and that differ considerably in genome size (reviewed in Gale and Devos, 1998) . Comparing the genetic maps of Arabidopsis and different Brassica species also has revealed many colinear chromosome segments for species belonging to the Brassicaceae family (reviewed in Schmidt, 2000) . The results of the first microsynteny studies using sequencelevel resolution in the Poaceae (Chen et al., 1997; Messing and Llaca, 1998; Tikhonov et al., 1999) and Brassicaceae families (Grant et al., 1998; Acarkan et al., 2000) support the view that genome colinearity can be observed at the level of genes.
Few attempts to analyze genome colinearity between more distantly related species have been reported (Paterson et al., 1996; Devos et al., 1999; van Dodeweerd et al., 1999; Ku et al., 2000) . The low degree of sequence homology in distantly related species hampers the unambiguous recognition of orthologous sequences, a prerequisite for studying colinearity relationships between species. With the completion of the Arabidopsis genomic sequencing project, comparisons with distantly related species can now rely on sequence homology if sequence information is generated for the other species. Tomato and Arabidopsis were chosen for such a comparative analysis because these species are representatives of two major clades of the eudicots, the asterids and rosids, respectively (Soltis et al., 1999) . Colinear chromosome segments between distantly related species are expected to be small (Paterson et al., 1996) ; therefore, a microsynteny approach was taken to search for colinearity between the tomato and Arabidopsis genomes. The sequence of a region of the tomato genome spanning five genes including the Lateral suppressor gene (Schumacher et al., 1999) was determined. Sequence comparisons were performed to identify orthologous gene sequences in two species of the Brassicaceae family, Arabidopsis and Capsella. We sought to determine to what degree gene repertoire, order, spacing, and orientation were conserved in the three species analyzed.
RESULTS

Identification of Coding Sequences in a 57-kb Region of Tomato Chromosome 7
To search for microsynteny between the Arabidopsis and tomato genomes, we chose a region located between molecular markers CD61 (GenBank accession number AA824678) and CD65 (GenBank accession number AA824680) of tomato chromosome 7. The sequence of a cosmid contig spanning 57 kb of genomic DNA was determined (Figure 1 ; EMBL accession number AJ303345). Cosmid clones and a yeast artificial chromosome clone spanning this area were used as probes to isolate cDNAs corresponding to four different genes ( Le-A , GenBank accession number AF098674; Le-B , EMBL accession number AJ303342; Le-D , EMBL accession number AJ303343; and Le-E , EMBL accession number AJ303344) from a tomato cDNA library (Schumacher et al., 1999) . Sequence comparisons revealed that the cDNAs represent cognate sequences for genes on the cosmid contig that have between 99.8 and 100% identity to the tomato genomic DNA sequence. Analysis of the sequenced cosmid contig with the help of gene prediction programs (Eukaryotic GeneMark.hmm: http://dixie.biology.gatech.edu/GeneMark/ eukhmm.cgi; Genscan: http://genes.mit.edu/GENSCAN.html) provided evidence for one additional gene in the region of interest, Le-C . Figure 1 shows the positions and orientations of the five different genes in the 57-kb tomato region.
A comparison of the genomic sequence with the tomato gene index (Quackenbush et al., 2000 ; http://www.tigr.org/ tdb/lgi/) identified cognate expressed sequence tag (EST) sequences for two of the previously identified genes. One EST sequence (GenBank accession number AI772724) represents the 3 Ј untranslated region of cDNA Le-E , whereas six EST sequences (GenBank accession numbers BE459792, AW220369, BE458609, AW040531, AW441812, and AI485506) correspond to parts of cDNA Le-D . EST sequences AW220369 and BE458609 differ in the 5 Ј untranslated leader region compared with EST sequence BE459792 and cDNA Le-D . Sequence comparisons of these different EST sequences with the tomato genomic DNA sequence provide evidence for differential splicing in the 5 Ј untranslated region of gene Le-D (data not shown).
Le-A corresponds to the Lateral suppressor gene of tomato (GenBank accession number AF098674; Schumacher et al., 1999) , Le-B represents a protein of unknown function, Le-C has similarity to receptor kinase-like proteins, Le-D contains a domain that is characteristic of the WRKY transcription factor family (Eulgem et al., 2000) , and Le-E shows similarity to chloride channels.
Sequences Corresponding to Genes of the Tomato Cosmid Contig Map to Arabidopsis Bacterial Artificial Chromosome F20N2
Coding sequences that map to the 57-kb tomato region were used for a FASTA analysis (Pearson and Lipman, Cosmid clones A, B, F, and G were subcloned, and the sequence of 57,047 bp of genomic tomato DNA was determined (EMBL accession number AJ303345). The positions of the ends of the cosmid inserts in the sequenced regions are given (in base pairs). Dashed lines indicate that cosmid B extends beyond the sequenced region and that the exact limit of the cosmid in the sequenced region has not been established. Boxes show the extent of gene sequences from start to stop codons as revealed by a comparison of four different cDNA sequences (A, B, D, and E) with the genomic DNA sequence. The ORF of gene C was predicted from the genomic sequence. The direction of transcription is indicated by arrows.
1988) to search for corresponding sequences in the Arabidopsis genome. cDNAs A and B have the highest FASTA scores with sequences of bacterial artificial chromosomes (BACs) F20N2 (GenBank accession number AC002328) and T5A14 (GenBank accession number AC005223); cDNA E has the highest score with BAC F20N2. One of the molecular markers flanking the cosmid contig, CD65, also displays sequence homology with BAC F20N2. Gene Le-C has similar FASTA scores with sequences of BAC F20N2 and the P1 clone MRP15 (GenBank accession number AP000603). cDNA D shows homology with the sequence of BAC F20N2; however, higher matches are found for several other chromosomal regions of the Arabidopsis genome, all of which contain sequences homologous with the domain characteristic of the WRKY transcription factor family.
BACs F20N2 and T5A14 are partially overlapping clones ( Figure 2 ) and map near molecular marker nga280 (83.8 centimorgans) to chromosome 1 of Arabidopsis (http:// www.arabidopsis.org/). The homologies of the five tomato genes with Arabidopsis BAC clone F20N2 can be localized to a region spanning Ͻ 30 kb (GenBank accession number AC002328; base pair 1 to 30,000). This region was subjected to a detailed analysis (see below). The area of sequence homology of CD65 with BAC F20N2 maps ‫ف‬ 11 kb distant from this area.
Arabidopsis Gene Sequences Map to the Region of Interest on Clone F20N2
For the region of Arabidopsis BAC F20N2 that shows homology with the tomato genes, five genes are predicted (http:// mips.gsf.de/proj/thal/db/index.html: Atg55580, At1g55590, At1g55600, At1g55610, and At1g55620). The areas of homology between the different tomato gene sequences and the sequences of BAC F20N2 coincide with the predicted gene sequences in Arabidopsis. Accordingly, the Arabidopsis genes are designated A , B , C , D , and E , like their tomato counterparts ( Figure 3B ).
In the immediate vicinity of gene At-E , two more genes have been predicted that do not show homology with the sequenced region of the tomato genome: a gene putatively coding for tRNA Ser and a gene of unknown function, At1g55630 ( At-F ; Figure 3B ).
A comparison of the genomic sequence with Arabidopsis EST collections (Höfte et al., 1993; Newman et al., 1994) was performed. Four different EST sequences (21484, GenBank accession number N96681; 5787, GenBank accession number T42524; 22916, GenBank accession number W43308; and 701673971, GenBank accession number AI995414) were identified that showed homologies of у 92% with the Arabidopsis region. Sequence analysis of clones 21484 (EMBL accession number AJ303346), 5787 (EMBL accession number AJ303347), and 22916 (EMBL accession number AJ303348) confirmed that they represent cognate cDNAs for genes At-B and At-E . cDNA clones 21484 and 5787 correspond to gene model At1g55590 ( At-B ). Clone 21484 is missing the first 18 nucleotides of the open reading frame (ORF), whereas clone 5787 is lacking the first 1481 nucleotides of the ORF. cDNA clone 22916 ( At-E ) shows similarity to gene model At1g55620; however, the cDNA sequence differs in the 3 Ј region from the predicted gene. EST 701673971 is a cognate sequence for gene At-F . Thus, for three of the seven predicted genes, experimental evidence could be obtained in Arabidopsis. Figure 3B shows the positions and orientations of the seven different genes in the 31,500-bp Arabidopsis region.
Evidence for a Duplication Event in the Arabidopsis Genome
BLAST (Altschul et al., 1990) and FASTA (Pearson and Lipman, 1988) analyses revealed that for gene Le-C , two homologs could be identified in Arabidopsis: At-C1 , which maps to chromosome 1, and At-C2 , which maps to chromosome 3 (MRP15; http: // www.arabidopsis.org/). To determine whether gene C is part of a larger duplicated segment in the Arabidopsis genome, we used sequences of overlapping BAC clones T5A14 and F20N2 for BLAST searches with genomic Arabidopsis sequences. Clones mapping to chromosome 3 near molecular marker nga162 at 20.5 centimorgans (http://www. arabidopsis.org/) showed multiple matches. Figure 2 shows that 14 gene predictions of chromosome 1 clones T5A14 and F20N2 are homologous with gene predictions of clones MRP15 (GenBank accession number AP000603) and MDC11 (GenBank accession number AB024034) located on chromosome 3, which is indicative of a duplication event in the Arabidopsis genome. However, only one of the genes from the region of interest (gene C ) is duplicated; genes A , B , D , E , and F and the putative tRNA Ser gene are absent from the region located on Arabidopsis chromosome 3 (Figure 2 ). For the copy of gene At-C , which is located on chromosome 3, a cognate cDNA sequence could be identified (EST RZL15e10F; GenBank accession number AV546538).
Identification of a Capsella Region Orthologous with the Arabidopsis Region
Capsella was included in the microsynteny studies to establish the degree of microcolinearity for the region of interest between Arabidopsis and a closely related species. Polymerase chain reaction (PCR) products corresponding to Arabidopsis genes At-A , At-B , At-D , and At-E were used as probes in colony hybridization experiments to identify Capsella cosmid clones containing sequences homologous with the region located on Arabidopsis chromosome 1.
On the basis of results from DNA gel blot hybridization experiments with the PCR products as probes, the resulting eight cosmids were arranged into a contig. Sequence analysis of part of the Capsella cosmid contig spanning 27,056 bp (EMBL accession number AJ303349) was performed to allow detailed comparisons of the genomic regions in Arabidopsis and Capsella. Alignments of predicted Arabidopsis genes ( At-A , At1g55580; At-C , At1g55610; At-D , At1g55600, tRNA Ser ; and At-F , At1g55630) and cDNA se- quences ( At-B , At1g55590; and At-E , EMBL accession number AJ303348) with the Capsella genomic sequence (EMBL accession number AJ303349) established the positions of genes Cr-A to Cr-F ; however, only part of gene Cr-F is represented in the sequenced 27-kb region ( Figure 3C ).
Comparison of Gene Arrangements in the Tomato Cosmid Contig and in the Corresponding Genomic Regions in Arabidopsis and Capsella
All seven genes are arranged in the same order in Capsella and Arabidopsis. The orientation of the genes relative to each other is maintained, and intergenic regions are of similar size in both species. Thus, complete microcolinearity could be established for the region of interest in Arabidopsis and Capsella. Five of the genes also are present in tomato in close physical proximity; however, the order of genes in tomato differs from that in Arabidopsis and Capsella. Gene Le-A and gene pair Le-C and Le-D are present in an inverted orientation with respect to neighboring genes compared with the corresponding genes in Arabidopsis and Capsella. The region is approximately twofold larger in tomato than in the cruciferous species (Figure 3) . Sequence alignments of the tomato genes ( Le-A to Le-E ) and the predicted genes in Arabidopsis and Capsella were performed to compare gene structures and sequence identities of exon sequences. Numbers of exons are generally conserved, although for gene E an additional intron is found in tomato compared with Arabidopsis and Capsella. Pronounced differences in exon length are restricted to the 5 Ј and 3 Ј regions of genes B and E . In contrast, exons of gene D differ considerably in size in all three species (Figure 4) .
Sequence identities of Ͼ 91% are observed at the nucleotide and amino acid levels for genes A , B , and E in Arabidopsis and Capsella (Table 1) . The tRNA Ser genes are identical in sequence in both species. Only small stretches of sequences similarly highly conserved can be identified if intron and intergenic sequences are compared between Arabidopsis and Capsella. Tomato genes A, B, and E show between 56 and 69% sequence identity to the corresponding Arabidopsis and Capsella genes at the nucleotide level. For gene D, much lower levels of sequence identity are observed. The copies of Arabidopsis gene C show very similar sequence identity values to Le-C (Table 1 ). The sequence comparisons reveal that At-C1 is more closely related to Cr-C than to At-C2.
Sizes of introns vary in the three species (Figure 4 and Table 2). Sizes of introns and intergenic sequences in tomato are on average two-to threefold larger than those in Arabidopsis or Capsella (Table 2) .
Hallmarks of retroelements were not found in any of the three genomic regions analyzed. In the tomato region, several perfect or imperfect tandem repeats with sizes of 31 to 85 bp and two to three copies were found in intergenic sequences. BLAST analyses (Altschul et al., 1990 ) revealed stretches of sequences (Ͻ300 bp) in intergenic regions and introns that show homologies of у80% with sequences in the analyzed region of the tomato genome and/or other genomic sequences for species of the Solanaceae family that are available in the databases. These results indicate the repetitive nature of these sequences.
DISCUSSION
The comparison of the tomato chromosome 7 region with the corresponding regions of the Arabidopsis and Capsella genomes indicates that microcolinearity can be established if species belonging to different families are studied at the sequence level.
Five genes are present in close physical proximity in all three species. For another two genes, a colinear arrangement could be shown in Arabidopsis and Capsella, but these two genes are not present in the sequenced region of the tomato cosmid contig. Most of the intergenic regions in tomato are expanded in size compared with those in Arabidopsis and Capsella; thus, it cannot be excluded that these genes also are present in the vicinity of gene Le-E in a colinear arrangement on tomato chromosome 7. It has not been established how large the colinear regions are in tomato and the cruciferous species. Molecular marker CD65 resides together with the analyzed 57-kb contig on a yeast artificial chromosome that spans 320 kb (Schumacher et al., 1999) ; hence, it should be separated by at most 267 kb from gene Le-E on the cosmid contig. Sequences homologous with CD65 in Arabidopsis are located Ͻ13 kb from gene At-E on chromosome 1. This region encompasses another five predicted genes in Arabidopsis. If the arrangement of all genes is conserved in tomato, a set of at least 11 genes would be colinear between these two species. Ku et al. (2000) recently studied a region of tomato chromosome 2 and found evidence for microcolinearity when comparing the region at sequence level with the Arabidopsis genome. An average gene density of one gene per 6.2 kb was calculated for this segment of tomato chromosome 2 (Ku et al., 2000) . For the region on tomato chromosome 7 described here, a lower gene density was found ( Figure 3A and Table 2 ). Together, these data indicate that microcolinearity might be found in many different areas of the Arabidopsis and tomato genomes, even if the regions vary with respect to features such as gene density.
Interestingly, Ku et al. (2000) found that some homologous ORFs reside in reversed orientation in the region of tomato chromosome 2 and its Arabidopsis counterparts. The same situation is observed if the orientation of genes A and B relative to each other is compared in the tomato chromosome 7 region and the homologous Arabidopsis region (Figure 3) . Ku et al. (2000) propose that genes present in reverse orientation despite residing in otherwise conserved colinear regions might have resulted from inverted gene duplications followed by loss of the gene copy in the original orientation.
Alternately, such changes in the arrangement of genes could be explained by inversion events. Such a mechanism is likely for the observed differences in gene order of genes B, C, D, and E in Arabidopsis and tomato described here (Figure 3) .
Tomato and the two species of the Brassicaceae family, Arabidopsis and Capsella, are representative of two major clades of the eudicots (Soltis et al., 1999) . The extensive colinearity seen for these distantly related species in the region of interest suggests that such a pattern could also be observed if genomic regions derived from other dicotyledonous plants were compared. Comparative analysis of sequence information generated for many different genomic regions of various dicotyledonous and monocotyledonous plants is needed to assess the degree of microcolinearity between distantly related species in a more comprehensive and systematic manner.
The microcolinearity study presented here for regions of the Arabidopsis and Capsella genomes shows a very extensive conservation of genome structure. Gene repertoire, order, and orientation in the studied 31.5-kb region of the Arabidopsis cDNA and gene model sequences were aligned with the Arabidopsis and Capsella genomic DNA sequences to reveal exon-intron structures of genes At-A, Gene At-C is duplicated in Arabidopsis; At-C1 is located on chromosome 1, whereas At-C2 is located on chromosome 3. Tomato cDNA sequences and gene model sequence Le-C were compared with the tomato genomic DNA sequence to reveal exon-intron structures of genes Le-A, Le-B, Le-C, Le-D, and Le-E. Sequence comparisons were restricted to regions between start and stop codons. Exon sequences are shown as boxes and to scale. Intron sequences are not drawn to scale. Sizes of exon and intron sequences are indicated (in base pairs).
Arabidopsis genome are identical to those in Capsella; furthermore, the genes are present in a similarly sized region in both species (Figure 3) . These data are in agreement with results obtained by comparing a region of Arabidopsis chromosome 4 with its counterpart in Capsella (Acarkan et al., 2000) and provide additional evidence for genome colinearity of diploid species of the Brassicaceae family. Extensive colinearity at the gene level also was found in detailed microsynteny studies in the Poaceae family (Chen et al., 1997; Messing and Llaca, 1998; Tikhonov et al., 1999) .
In Arabidopsis, gene C is present in two copies. The duplicated gene is part of a recently described large duplicated segment located on Arabidopsis chromosomes 1 and 3 (The Arabidopsis Genome Initiative, 2000; Blanc et al., 2000) . The gene repertoire in the Arabidopsis chromosome 1, Capsella, and tomato regions studied is identical but different from that on Arabidopsis chromosome 3 (Figures 2  and 3) . Furthermore, analysis of those amino acid positions, which differ in genes At-C1, At-C2, and Cr-C, clearly reveals that gene At-C1, which is located on chromosome 1, is more similar to Cr-C than to At-C2, which maps to chromosome 3 (data not shown). Results of hybridization experiments show that sequences homologous with gene C are found not only in the sequenced region of the Capsella genome ( Figure 3C ) but also in the immediate vicinity of sequences homologous with genes 8 and 9 (Figure 2 ). This arrangement is similar or identical to that found for the Arabidopsis chromosome 3 region (data not shown). These data indicate that the duplication event of the region harboring gene C most likely took place before the progenitors of Arabidopsis and Capsella diverged. Comparative physical mapping studies using Arabidopsis and Brassica oleracea also revealed that another duplication event in the Arabidopsis genome predates the divergence of the progenitors of those two species (O'Neill and Bancroft, 2000) . Similarly, comparative studies of soybean and Arabidopsis (Grant et al., 2000) as well as tomato and Arabidopsis (Ku et al., 2000) have confirmed the presence of large duplicated segments in the Arabidopsis genome. Comparative analysis of duplicated segments in the Arabidopsis and Brassica genomes has revealed that they show differences in gene repertoire; however, the order of the genes that are in common in both regions was found to be very similar or identical (The Arabidopsis Genome Initiative, 2000; Blanc et al., 2000; O'Neill and Bancroft, 2000) . The same pattern was observed in the duplicated region of the Arabidopsis genome studied here (Figure 2) . The results of a comparison of the gene arrangement in triplicated Brassica segments among each other and with the corresponding regions in Arabidopsis suggested that differences in gene repertoire are caused by deletions of genes (The Arabidopsis Genome Initiative, 2000; O'Neill and Bancroft, 2000) . The same conclusion was reached when it was established that a region of tomato chromosome 2 showed conservation of gene repertoire and order with four different segments of the Arabidopsis genome (Ku et al., 2000) .
A comparison of Arabidopsis cDNA sequences or gene predictions with genomic sequences of Arabidopsis and Capsella identified conserved exon sizes and sequence identities of Ͼ90% for exon sequences of four of the five genes analyzed, as has been established for a set of four different genes (Acarkan et al., 2000) . In contrast, exon sizes of gene D differ in both species, and sequence identities of exon sequences are only ‫%08ف‬ at the nucleotide level. This low degree of sequence conservation coincides with the finding that gene D belongs to the WRKY family of transcription factors, which is composed of Ͼ100 representatives in the Arabidopsis genome. The different Arabidopsis gene copies show highly divergent structures but a strong conservation of the WRKY domain (Eulgem et al., 2000) . The Le-D gene harbors two WRKY domains (designated D1 and D2), whereas the Arabidopsis (At-D) and Capsella (Cr-D) genes contain only one. Comparison of the sequences of only the WRKY domains (WRKYGQK. . .HXH) of the D genes of Arabidopsis, Capsella, and tomato shows that the C-terminal domain (D2) of the tomato gene is more similar to the domains in Arabidopsis and Capsella than is the N-terminal domain (sequence identities at the amino acid level: At-D to Cr-D, 86.5%; At-D to Le-D1, 56.9%; At-D to Le-D2, 71.2%; Cr-D to Le-D1, 58.8%; Cr-D to Le-D2, 69.2%; and Le-D1 to Le-D2, 58.8%). Furthermore, the position of the fourth intron is conserved in the C-terminal WRKY domain in the tomato gene and in the WRKY domains of the Arabidopsis and Capsella genes; in contrast, the N-terminal WRKY domain (Le-D1) is not interrupted by an intron. The example of gene D indicates the utility of microcolinearity studies. For large gene families, it can be difficult to define unambiguously the orthology of genes derived from different species, especially if only subsets of sequences are known. FASTA searches were performed with all genes of the tomato chromosome 7 region to find the corresponding sequences in the Arabidopsis genome. Interestingly, for all genes, with the exception of gene Le-D, the homologous Arabidopsis chromosome 1 or the duplicated chromosome 3 region was identified unambiguously. For the much faster evolving gene D, several additional regions were identified, some of which even showed higher FASTA scores. This finding shows that for such genes orthology can be defined unambiguously only if sequence information is combined with data on neighboring sequences.
This approach was followed for the Lateral suppressor gene, Le-A (Schumacher et al., 1999) . Le-A is a member of the GRAS gene family, for which several members with regulatory functions have been described in Arabidopsis (GAI [Peng et al., 1997] , RGA [Silverstone et al., 1998 ], SCR [Di Laurenzio et al., 1996] ). Several sequences of unknown function also are found in the Arabidopsis genome (Pysh et al., 1999) . However, only one of these Arabidopsis gene sequences, At-A, is located adjacent to a gene homologous with the neighboring gene Le-B in tomato. Thus, it can be concluded that Le-A and At-A are derived from the same ancestral gene. Analysis of gene function was performed for gene At-A to determine whether At-A and the Lateral suppressor gene perform similar or identical functions in Arabidopsis and tomato. Such studies indicate that Le-A and At-A are indeed functional orthologs (K. Theres, unpublished results). Thus, microcolinearity studies can be used successfully to locate orthologous gene sequences in distantly related plant species.
In the tomato genomic region analyzed, intergenic regions are much larger than the corresponding regions of the Arabidopsis and Capsella genomes. The abundance of retroelement-like sequences in the maize genome (SanMiguel et al., 1996) is correlated with the size differences observed in intergenic sequences of the sorghum and maize genomes (Chen et al., 1997; Tikhonov et al., 1999) . However, none of the intergenic sequences analyzed here for Arabidopsis, Capsella, and tomato show the hallmarks of retroelement-like sequences. The absence of such sequences in the Arabidopsis region is in accordance with the low abundance of these elements in the genome of Arabidopsis (reviewed in Schmidt, 1998) .
METHODS
Isolation of Tomato Cognate cDNAs
A tomato (Lycopersicon esculentum cv VFNT Cherry) shoot tip cDNA library was screened using yeast artificial chromosome 61-5, the whole cosmid contig, or the insert of cosmid G as a probe (Figure 1 ). Partial cDNA sequences of genes Le-A, Le-B, Le-D, and Le-E were complemented with the rapid amplification of cDNA ends technique (Life Technologies, Eggenstein, Germany) using specific primers deduced from the respective cDNAs. Amplified fragments were cloned into the pGEM-T (Promega, Mannheim, Germany) plasmid vector.
The genomic tomato sequence of the region of interest was used for a BLAST analysis (Altschul et al., 1990) to search for corresponding tomato expressed sequence tag (EST) sequences.
Isolation of Capsella Cosmid Clones
A library of 46,000 Capsella rubella cosmid DNA clones was screened by colony hybridization. Preparation of library filters, hybridization, and washing conditions were as described by Acarkan et al. (2000) .
Isolation of Arabidopsis Cognate cDNAs
The genomic Arabidopsis thaliana sequence of the region of interest (F20N2; GenBank accession number AC002328) was used for a BLAST analysis (Altschul et al., 1990) to search for corresponding Arabidopsis EST sequences. Putative cognate cDNA clones were obtained from the Arabidopsis Biological Resource Center (Ohio State University, Columbus).
Subcloning and Sequencing
Cosmid clones were restricted with appropriate enzymes and cloned into pGEM vectors (Promega). DNA sequences of subclones and a GC, content of guanine and cytosine in the analyzed sequences.
polymerase chain reaction (PCR) products were determined on Applied Biosystems (Weiterstadt, Germany) Abi Prism 377 and 3700 sequencers using BigDye-terminator chemistry by the DNA core facility of the Max-Planck-Institut für Züchtungsforschung (Cologne, Germany). Premixed reagents were from Applied Biosystems. Oligonucleotides were purchased from Life Technologies or Metabion (Martinsried, Germany). Gene sequences were sequenced on both strands. Analysis of sequences was performed using the Wisconsin Package (version 10.0-UNIX; Genetics Computer Group, Madison, WI). Sequence alignments of gene sequences were restricted to regions from start to stop codons and were determined with the GAP program using default parameters (for alignments of nucleotide sequences, gap creation penalty 50 and gap extension penalty 3; for alignments of amino acid sequences, gap creation penalty 8 and gap extension penalty 2).
